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The Ehlers-Danlos syndrome type VI is an inherited 
disorder of collagen metabolism characterized by a de-
fective lysyl h y droxylase. The resulting lack of hy-
droxylysine has been found in several connective tis-
sues, all of which show varying degrees of clinical symp-
toms . In the present study, collagen was isolated from 
different connective tissues and the degree of hydrox-
ylation of lysy l residues was determined. Subsequently, 
collagen types I, II, Ill, IV, and V have been prepared 
from a number of tissues. Insufficient hydroxylation of 
lysyl residues was found in type I and type III collagen, 
whereas types II, IV, and V showed normal amounts of 
hydroxylysine. The expression of the defect, even for 
type I and type III collagen, varied widely from one 
tissue to another. A complete lack of h y droxylysine was 
observed in skin, while it was less pronounced in tissues 
such as bone, tendon, lung, or kidney. The data suggest 
the presence of several isoenzymes having varying af-
finities to the different collagen types. 
The Ehlers-Danlos syndrome (EDS) represents a group of 
inherited diseases which are characterized by hyperextensibility 
of skin and by hypermobility of joints. Based on the mode of 
inheritance and differential manifestation of clinical symp-
toms, they were divided into 8 subtypes [1) . The EDS type VI 
patients have been most extensively studied over t he last 10 
years. Generally, they show severe scoliosis, hypermobili ty of 
the joints, and often blindness due to detachment of the retina 
or eye rupture. Hyperextensibility of skin, fragility, and easy 
bruisabi li ty a re common. Patients often have cigarette-paper 
scars and molluscoid pseudotumors [1 ,2). The EDS type VI has 
a recessive mode of inheritance which is in accordance with a 
defect in an enzyme responsible for posttranslational modifi-
cation of collagen [3]. This defect was recognized first by 
Pinnell et a! when these investigators found that t he skin of 
EDS type VI patients has a lack of hydroxylysine residues due 
t o a defective lysyl hydroxylase [4-6). It was also obvious that 
the degree of affection varies from t issue to tissue. While 
cartilage shows normal properties, skin and bone are severely 
affected [4,7). It is now well established that collagen exists as 
different types, which have a specific tissue distribution (for 
review see [8)) . For example, cartilage contains type II collagen, 
while type I is found mainly in skin a nd bone. Thus, variation 
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in the expression of t he defect in different cells, differential 
susceptibility of certain collagen types to a mutant lysyl hy-
droxylase, or t he presence of enzymes specific for different 
collagen types may explain the varying degree of involvement 
of the tissues found in patients with EDS type VI. The aim of 
our study was to determine whether the collagen types found 
in different tissues are equally deficient in hydroxylysyl resi-
dues or whether some types remain unaffected. 
CASE REPORT 
The deceased patient belonged to a kindred in which another EDS 
type VI patient has been diagnosed [9]. The patient showed virtually 
all typi~~l signs of this syndrome: hyperextensibi lity of the skin, hy-
permobJhty of JOmts, severe scoliosis, easy bruisability, and molluscoid 
pseudo~umors.The diagnosis was confirmed by an amino acid analysis 
of a skm sp~c1men (Table I) and by measuring the activity of lysyl 
hydroxylase m cultured fibroblasts, which was less than 10% of control 
fibroblasts [10] . The patient died at the age of 20 due to relative 
coronary insufficiency under biventricular hypertrophy of the cardiac 
muscle. 
The following findings were recorded at autopsy: Acromegaly, arach-
nodactylia, hyperextensibility of skin and hypermobility of joints were 
striking clinical features . Furthermore, we noted general atrophy of 
skeletal muscles, severe kyphoscoliosis with gibbous formation, and 
marked deformatiOn of t he thorax together with an elevated right 
shoulder (Fig 1). In addition, a microcornea and multiple molluscoid 
pseudotumors have been observed. Due to severe kyphoscoliosis, the 
whole right lung was displaced into the right infraclavicular fossa 
showing histologically fresh, massive intraalveolar hemorrhage, pleural 
edema, and fibrosis. The left lung revealed compensatory emphyse-
matous expansion. Both pulmonary arteries and veins were ectatic and 
hypertrophic. The right ventricle showed hypertrophy with signs of 
insufficiency. Muscular hypertrophy with mitral valve insufficiency, 
ectasia, and endocardial fibrosis of the left atrium were noted. The 
aortic arc was ectatic and the entire descendent aorta was hypoplastic. 
Histologic examination demonstrated marked intimal lipidosis and 
disarray of the connective fiber network of the media. 
MATERIALS AND METHODS 
Preparation. of the Samples 
Various tissue specimens were obtained immediately after death and 
stored at -19"C. Skin, carti lage (ribs, sternum, joints), bone, tendon, 
lung, muscle, and kidneys were carefully dissected from adhering tissue. 
Control tissues were obtained from 2 healthy young men who were 
casualties of an accident; neither of them had any obvious deficiency 
in their connective tissue and were age- and sex-matched for the 
patient. The epidermis and subcutaneous fat were removed from skin 
the bone was depleted from the periosteum. Pulmonary tissue was freed 
from the pleura, and kidney from capsule and pelvis. The clean bone 
was freed from fat in absolute ethanol ( -18"C) and demineralized by 
dialysis against 0.01 M EDTA, pH 7.4 [11]. A small aliquot of all tissues 
was used directly for amino acid analysis. The rest of the samples was 
then homogenized in dilute acetic acid and treated with pepsin. 
Pepsin. Treatment 
The homogenized tissues were submitted to a limited pepsin diges-
tion in 0.5 M sodium acetate, pH 1.8, at 18•C using 0.1 mg/ ml pepsin. 
After 24 h the insolubilized material was removed by centrifugation 
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TABLE I. Hydroxylation of proline and lysine residues in clinically affected tissues of the EDS patient and controls 
Skin Tendon Bone Cartilage 
Patient Controls Patient Controls Patient Controls Patient Controls 
Hyp 40 40 41 40 41 40 45 41 
Hyp+Pro 
Hyl a 0 7.7 6.7 23 6.4 6.2 39 35 
Hyl+Lys 
Hyl/Hyp 0 0.04 0.05 0.09 0.04 0.04 0.19 0.14 
• Expressed as percent. 
F IG 1. Clinical picture of the patient. Severe kyphoscoliosis with 
gibbous format ion and marked deformation of the thorax. The patient 
died at the age of 20. 
and subjected to a second treatment. The insoluble residue was again 
removed by centrifugation and the solubilized collagens in the com-
bined supernatants were fractionated by salt precipitation. 
Fractionation 
The materials solubilized by pepsin treatment of the various tissues 
with the exception of kidney, were all treated as follows: The super-
natants were adjusted to 7% NaCl and stirred overnight. The precipi -
tates were collected by centrifugation and subsequently dissolved in 
0.02 M NaCl, 0.05 M Tris, pH 7.4. At neutral pH, salt fractionation was 
carried out at 1.5, 2.7, and 5 M NaCl. 
Type IV collagen was isolated from kidney and muscle. NaCl was 
added up to 0.8 M and the precipitate was solubilized in 0.1% acetic 
acid. After dialysis against 0.08 M sodium phosphate buffer, pH 7.6, 
fibri ls of interstitial collagens were precipitated by heat gelation (3 h 
at 37"C) as described earlier [12]. After centrifugation, type IV collagen 
was precipitated from the supernatant at 2.1 M NaCl. It was then 
dissolved and purified by DEAE cellulose chromatography. 
Chromatographic Procedures 
Proteoglycans, which were coisolated with the collagenous protein 
from cartilage, were removed by chromatography on DEAE cellulose 
(DE52 Whatman) as described by Miller [13]. Molecular sieve chro-
matography was carried out under denaturing conditions on agarose 
A5 according to Piez [14] in 1 M CaCl, 0.05 M Tris, pH 7.4. Carboxy-
methyl cellulose (CMC) chromatography (on CM52 Whatman) was 
used to isolate a 1(I) and a2(I) chains from various tissues [15]. Chro-
matography was carried out at 44"C in 1M urea, 0.02 M KAc, pH 4.8, 
with a linear gradient from 0-0.14 M LiCl over a total volume of 500 
ml. 
Slab Gel Electrophoresis 
Individual collagen fractions after pepsin treatment as well as col-
lagen chains following chromatographic purification were analyzed by 
slab gel electrophoresis [16]. 
Amino Acid Analysis 
Lyophilized whole tissue specimens, collagens, and isolated a chains 
were hydrolyzed in 6 N HCl containing 1/2,000 mercaptoethanol at 
llO"C fo r 24 h under N2• The lyophi lized samples were applied to an 
automated amino acid analyzer (Durrum 500). 
RESULTS 
Tissue Analysis 
Amino acid analysis of t issue specimen from 2 controls and 
from t he patient were simila r . However, a lack of hydroxy lysine 
(Table I) was fou nd in the skin of t he patient. A marked 
reduction was observed when tendon was analyzed. H owever , 
no differences were noted in bone and carti lage samples. 
Distribution of Collagen Types 
Salt fractionation and subsequent chromatographic isolation 
showed virtually the same distribution of type I a nd type III 
collagens in a ll t issues studied from controls and from t he 
patient. Type I and type III collagen were present in skin (80% 
type I, 15% type III) and associated with small amounts of type 
IV and V. Tendon and bone contained mainly type I collagen, 
however type V was a lso found in bone. Types I, III , IV, and V 
were present in lung, kidney, and muscle. Type II collagen was 
the predominant collagen in cart ilage. 
Hydroxylation of Lysine in Type I Collagen 
Type I collagen was precipitated from t he pepsin-solubilized 
material of skin , bone, kidney, and lung at 2.7 M NaCI. Subse-
quent chromatography of agarose AS (Fig 2) fo llowed by CMC 
chromatography under denaturing condit ions (Fig 3) showed a 
2:1 ratio between the a l(I) a nd the a2 chain. Similarly, a 2:1 
ratio was found when another aliquot of t he sample was ana-
lyzed by slab gel electrophoresis and subsequent densitometric 
scanning (data not shown) . Table II compares the amino acid 
composition of type I collagen isolated from different tissues of 
patient and cont rols . The deficiency of hydroxylysine is most 
significant in type I collagen obtained from skin. A marked 
reduction of hydroxylat ion of lysine residues could also be seen 
in type I collagen isolated and purified from bone. The defect 
is minor in type I collagen of kidney and lung. 
Hydroxylation of Lysine in Purified al(J) and a2 Chains 
In order to investigate bot h components of type I collagen 
t he a l(l) and a2 chains were separated by CM C chromatogra-
phy. T able III shows a lack of hydroxylysine in al(l) chain 
derived from skin and tendon. A major reduction in t he hy-
droxylation of t he a l chain was noted in bone. Similar results 
were obtained, when the a2 chains were analyzed (Table IV). 
Hydroxylation of Lysine in Type III Collagen 
Type I and type III collagens were precipitated together at 
2.7 M NaCl concentration and separated from each other by 
chromatography on agarose (Fig 2a), whereby a l(l) and a2(l) 
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chains comigrate in an a chain position. Subsequent rechro-
matography of the high-molecular-weight components under 
reducing conditions resulted in a shift of the 'Y components of 
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FIG 2. a, Chromatography of pepsin-treated collagens isolated from 
s kin on agarose A5. b, T he material eluting as -y components was 
collected and rechromatographed after reduction. T he a position in (b) 
comprised the td(III) collagen chains. 
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type III collagen to an a chain elution position (Fig 2b ). As 
seen in Table V, no hydroxylysyl residue was detected in the 
type III collagen chains of skin. However, in type III collagen, 
isolated from lung, hydroxylation of lysine was reduced by only 
about 50%. 
Analysis of Type II, IV, and V Collagen Chains 
Type II collagen chains were isolated from articular cartilage 
and purified by DEAE and subsequent CMC chromatography 
(not shown). Hydroxylation of lysine residues of the purified 
chains was found to be in the range of controls (Table VI). 
Type IV collagen isolated from kidney was composed of the 
typical chains with M, of 140,000, 90,000 and 70,000 (Fig 4). 
Amino acid analysis revealed a similarly high degree of hydrox-
ylation of lysine in the patient's collagen and in that of the 
controls. However, in type IV collagen isolated from muscle, 
the degree of hydroxylation of lysine was 50% of normal. 
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FIG 3. Further characterization of t he material eluting as a com-
ponents on agarose A5 (see Fig 2a). The pepsin-treated collagen chains 
were appl ied on a CMC column , and al(I) and a 2(I) chains were 
separated as described in Materials and Methods [15]. 
TABLE II. Hydroxylation of proline and lysine in type I collagen isolated from different tissues 
Skin Bone Tendon Kidney Lung 
Patient Control Patient Control Patient Control Patient Control Patient Control 
Hyp 43 37 43 42 45 41 49 51 48 44 
Hyp+Pro 
Hyl 16 2.0 14 19 29 16 21 25 32 
Hyl+Lys 
Hyl/Hyp 0.07 0.01 0.06 0.05 0.14 0.05 0.07 0.11 0.15 
" Expressed as percent. 
TABLE III. Amino acid analysis of isolated al(l) chains from different tissues 
Skin Tendon Bone 
Amino acids 
Patient Control Patient Control Patient Control 
Hyp 98 72 92 99 100 91 
Asp 42 43 50 46 45 47 
T hr 16 16 20 17 11 17 
Ser 37 40 35 33 37 41 
Glu 71 75 74 70 78 67 
Pro 131 137 128 127 131 123 
Gly 327 333 322 332 313 330 
Ala 120 122 117 114 124 123 
Val 26 21 20 24 20 20 
Met 2 6 7 2 3 6 
He 6 7 8 9 6 8 
Leu 19 22 25 21 19 22 
Tyr 2 1 4 3 2 2 
Phe 12 13 10 11 13 11 
His 3 4 5 5 4 5 
Hyl 4 7 0.5 3 
Lys 39 34 37 27 42 34 
Arg 49 50 46 53 51 50 
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Type V collagen could be obtained only from bone and 
showed an unaltered hydroxylation of lysine in the patient 
compared with the control (Table VI). 
DISCUSSION 
It is thought that t he lack of hydroxylysine in the collagen 
of patients with EDS type VI impairs the formation of stable 
covalent cross-links and prohibits collagen glycosylation [7] . 
TABLE IV. Amino acid analysis of isolated a2(1) chains from different 
tissues 
Amino ac ids 
Hyp 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
He 
Leu 
Tyr 
Phe 
His 
Hyl 
Lys 
Arg 
Patient 
86 
48 
19 
41 
72 
114 
321 
109 
34 
2 
16 
31 
3 
9 
12 
0.1 
32 
51 
Skin 
Control 
76 
48 
19 
39 
68 
118 
326 
109 
33 
5 
17 
35 
3 
11 
12 
7 
23 
51 
Patient 
81 
49 
21 
43 
72 
112 
324 
112 
33 
3 
15 
31 
2 
10 
13 
1 
30 
48 
Bone 
Control 
85 
48 
18 
36 
74 
117 
327 
110 
28 
8 
12 
27 
2 
12 
9 
7 
29 
51 
TABLE V. Amino acid analysis of type III collagen 01-chain. isolated 
from skin and lung" 
Amino acids 
Hyp 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
He 
Leu 
Tyr 
Phe 
His 
Hyl 
Lys 
Arg 
Skin 
Patient Control 
101 96 
49 50 
18 15 
53 46 
74 78 
97 114 
350 339 
95 103 
14 16 
6 6 
15 12 
25 24 
5 2 
8 9 
9 6 
3 
38 34 
43 47 
Lung 
Patient Control 
110 115 
48 50 
22 15 
42 38 
85 82 
114 110 
308 307 
93 88 
21 18 
7 9 
14 17 
30 32 
4 6 
14 16 
9 9 
10 20 
30 26 
48 48 
"Type Ill collagen was extracted by pepsin treatment and subse-
quently precipitated by 2.5 M NaCI. The precipitate was chromato-
graphed on agarose A5 and type III collagen was purified by rechro-
matography of i' components under reducing conditions (see also Fig 
2a,b). 
Vol. 83, No.3 
This may have important biologic implications on the macro-
molecular organization of collagen molecules and hence on the 
mechanical strength of the connective tissue [7,11). Some con-
nective tissues are clinically more affected than others . For 
example, skin, tendon, and bone show major complications, 
while cartilage appears to function normally [4,7). This varia-
tion in the clinical symptoms may be caused by a differential 
failure of mechanisms controlling collagen synthesis. Alterna-
tively, it is conceivable that the different collagen types show 
various degrees of susceptibility to a mutant lysyl hydroxylase. 
The diagnosis of our patient was based on the characteristic 
clinical symptoms including microcornea, hypermobility of 
joints, hypermobility of skin, and marked kyphoscoliosis lead-
ing to a deformation of the thorax. In addition, hydroxy lysine 
deficiency could be demonstrated in skin and the activity of 
lysyl hydroxylase in skin fibroblasts was less than 20% of 
controls [10). Direct amino acid analysis of the tissue itself 
revealed, only in some cases, differences in hydroxylation. 
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FIG 4. Characterization of type IV collagen isolated from kidney by 
slab gel electrophoresis following reduction. Lane 1: type IV collagen 
including 140K, 90K, and 70K dalton chains Lane 2: a 1(1) and a2(1) 
chains. 
TABLE VI. Hydroxylation of proline and lysine residues in type II, IV, and V collagen chains 
Hyp 
Hyp/Pro 
_!!r!_ 
Hyi/Lys 
Hyi/Hyp 
• Expressed as percent. 
Type II collagen 
from articular cartilage 
Patient Control 
42 42 
35 43 
0.15 0.18 
Type IV collagen 
from kidney 
Patient Control 
45 48 
90 93 
0.44 0.45 
Patient 
47 
69 
0.31 
Type V collagen 
from bone 
Control 
48 
65 
0.29 
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Thus, in bone, isolation of type I collagen was necessary to 
d etect decreased lysyl hydroxylation which was probably due 
to the presence of unaltered type V collagen. In accordance 
with previous studies, t he proportions of collagen types in 
several t issues were not altered [9,12]. However, type I collagen 
isolated from different t issues showed a remarkable range in 
which the hydroxylysine deficiency was expressed. While no 
hydroxylysine could be detected in type I collagen from skin 
and tendon and low but appreciable amounts were present in 
type I derived from bone, lysyl hydroxylation of type I collagen 
of kidney and lung was reduced only to hal f of t he values of 
controls. Although we have no experimental evidence, it is 
conceivable that t he relatively normal hydroxylated type I 
collage n from non-skin t issues may have a lack in collagen 
glycosylation. This, however, is rather unlikely, since we found 
normal activit ies of glycosylation enzymes in skin fibroblasts 
of t h e patient [10]. 
In some instances, suffic ient amounts of material were ob-
tained to isolate both a chains fou nd in type I collagen, which 
were fou nd to be simi larly affected. It cannot be ruled out t hat 
differences in t he extractabili ty of collagen types and chains 
from various tissues may influence t hese varying degrees of 
lysyl hydroxylation. This is, however, less likely, since amino 
acid analysis of entire t issue specimens showed virtually t he 
same results. 
Type III collagen from skin and lung t issue showed a lack of 
hydroxylysine similar to t hat of type I from t he same organs, 
indicating that both proteins serve as a substrate for the same 
defective enzyme. These data are in agreeement with previously 
published experiments using fibroblast cult ures [9,12]. 
In contrast, type II collagen isolated from cartilage had a 
normal hydroxylation of lysine [4,7]. An unaltered hydroxyl-
ation of lys ine was also fou nd in type V collagen obtained from 
bone. Type IV coll agen extracted from kidney showed normal 
amounts of hydroxylysine residues, whereas type IV collagen 
in muscle was markedly underhydroxylated in respect to lysyl 
hydroxylation. T hese data may suggest t he presence of various 
isoenzymes for t he hydroxylation of lysyl residues with varying 
affin ity to t he different collagen types. However, they also 
agree with t he idea of a structural alteration in a certain domain 
of the enzyme, which affects its binding to certain collagens 
[17]. 
The varying degree of impaired hydroxylation of lysi ne resi-
dues correlates well wi th t he severity of clinical manifestations. 
The main symptoms are found in skin and tendon. Bone and 
internal organs seem to be less affected, and no invo lvement of 
carti lage (type II coll agen) and kidney functions (type IV) are 
known. Therefore, our data strongly suggest t hat in EDS type 
VI the defective lysyl hydroxylase is implicated directly in the 
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malfunctioning of connective tissue leading to t he complex 
clinical manifestations observed. 
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